Abstract Patient navigation (PN) effectively increases screening colonoscopy (SC) rates, a key to reducing deaths from colorectal cancer (CRC). Ethnic minority populations have disproportionately low SC rates and high CRC mortality rates and, therefore, especially stand to benefit from PN. Adapting the Health Belief Model as an explanatory model, the current analysis examined predictors of SC rates in two randomized studies that used PN to increase SC among 411 African American and 461 Latino/a patients at a large urban medical center. Speaking Spanish but not English (odds ratio (OR), 2.192; p<0.005), having a higher income (OR, 1.218; p<0.005), and scoring higher on the Pros of Colonoscopy scale (OR, 1.535; p=0.023) independently predicted colonoscopy completion. Health education and PN programs that increase awareness of the benefits of getting a colonoscopy may encourage colonoscopy completion. In the context of language-appropriate PN programs for African American and Latino/a individuals, those with lower incomes and English speakers may require additional education and counseling to support their decision-making around colonoscopy.
Introduction
Colorectal cancer (CRC) is the second leading cause of death from cancer in the USA among women and men of all races [1] . Many of these illnesses and deaths are preventable, since the removal of precancerous polyps can reduce CRC incidence by 75-90 % [2] . The current national screening guidelines recommend performing either an annual fecal occult blood test, both sigmoidoscopy every five years and an annual blood stool test, or colonoscopy every ten years [3] . Of these screening methods, screening colonoscopy (SC) has been increasingly used because, unlike other methods, it allows detection and removal of precancerous polyps during a single procedure thereby preventing and, in some cases, even treating CRC [4] . While overall screening levels utilizing any of the three methods have risen to 65.1 % in 2012, they are still below the Healthy People 2020 goal of 70.5 % and disparities persist among population subgroups [5] [6] [7] [8] . Screening is lower among racial and ethnic minorities, those with low incomes, those with public health insurance, and the uninsured. Data collected during the 2010 National Health Interview Survey (NHIS), the most recent data available on national estimates of SC within the past ten years, revealed that, among persons ages 50 to 75, 55.4 % of whites had had a colonoscopy within the past ten years, compared with only 52.4 % of African Americans and 44.8 % of Latinos/as of any race [9] .
In New York State (NYS), the 2010 Behavioral Risk Factor Surveillance System (BRFSS; the most recent data available) surveyed 4,487 New Yorkers by telephone on rates of having either a blood stool test in the past year or a sigmoidoscopy or colonoscopy in the past ten years [10] . Among NYS households with landlines, white and African American CRC screening rates were nearly the same, at an estimated 70.3 and 70.2 %, while Latino rates were 63.9 %. The insured had been screened at a rate of 71.5 % and the uninsured at 40.6 %. Those who had not completed high school were screened at a rate of 55.7 % compared with 74.2 % in those with a college degree. Rates at the lower and upper levels of annual household income were 56.6 % for under $15,000, 57.5 % for $50,000-$74,999, and 74.8 % for over $75,000. Median household income in NYS for 2008-2012 was estimated at $57,683 [11] . It is worth noting that telephone surveys may not accurately estimate screening in lower income households. The increase in use of cell phones has been accompanied by a decrease in the use of landlines such that, in 2011, only 54.9 % of households below the poverty level had a landline compared with 73.3 % for households at or above the poverty level [12] . Overall however, while screening rates among higher income groups and among whites are improving, screening disparities remain among minority ethnicity groups and among those with lower incomes, lower educational levels, public health insurance, and a lack of health insurance.
It is crucial to address screening disparities because the underscreened are less likely to be diagnosed with local disease when treatment is most likely to be successful. For example, in the period 1999-2006, while 42 % of CRC diagnoses among non-Hispanic white (NHW) men and 40 % among NHW women was staged as local disease, only 36 % of diagnoses among African Americans and 37 % of diagnoses among Hispanics were localized. Of CRC diagnoses among NHW men and women, 19 % were staged as distant disease compared with 25 % among African American men, 24 % among African American women, 22 % among Hispanic men, and 21 % among Hispanic women [13] .
Patient navigation (PN), initially developed to assist patients with a new diagnosis of cancer to gain timely access to treatment, has been demonstrated to effectively increase uptake of colonoscopy screening among asymptomatic patients without high risk factors for CRC by addressing barriers to completion [14] [15] [16] . It has been found that the introduction of PN, use of bilingual navigators, direct referral to endoscopy from primary care providers, and enhancements to the gastrointestinal suite (e.g., additional equipment, streamlining equipment cleaning processes to reduce waiting times, and redesign of the recovery area, thereby creating efficiency and allowing the allocation of more nursing staff from the recovery area to the procedure rooms) are associated with an increase in total colonoscopies and a decrease in broken SC appointments [14, 16] .
In the present study, we explore factors that predict completion of SC. Our group previously reported on analyses of data components from research primarily aiming to examine the impact of different types of PN (navigation by peers or professionals; culturally targeted navigation) on colonoscopy adherence among ethnic minorities [17, 18] . For both the African American and Latino cohorts, all forms of PN were equally beneficial. This finding allows us to combine the full data set (for the current substudy) without regard to the study arm. Therefore, herein we examine predictors of colonoscopy in the entire sample exploring both sociodemographic (including race/ethnicity) and psychosocial (e.g., perceived risk, pros and cons of colonoscopy, self-efficacy, and knowledge) variables.
Researchers in the USA have previously reported that demographic factors (i.e., age, education, income, gender, and ethnicity); language (i.e., speaking Spanish but not English); intrapersonal barriers, such as lack of perceived risk, fear of pain, concerns about modesty, and bowel preparation; and logistical barriers such as scheduling challenges and long waiting times and cost (including high out of pocket costs among the insured) are associated with SC completion [19] [20] [21] [22] . Therefore, patient-related demographic and psychosocial factors are important to consider in targeting, designing, and enhancing PN interventions. This post-hoc analysis adapted the Health Belief Model (HBM) as an explanatory model in examining baseline predictors of colonoscopy. The HBM has been used extensively as a model for cancer screening, including for CRC screening and colonoscopy [23] [24] [25] [26] [27] [28] . The key constructs of the HBM as adapted for the current study are perceived susceptibility, perceived benefits, perceived barriers, self-efficacy, and knowledge. Psychosocial constructs included in this analysis were perceived risk for CRC, pros of colonoscopy, cons of colonoscopy, fear of colonoscopy, self-efficacy, and knowle d g e . T h e m o d e l a d d i t i o n a l l y s p e c i f i e s t h a t sociodemographic variables are modifying, but not necessarily statistically moderating, factors (see Fig. 1 ).
Methods

Study Setting and Recruitment
This study involves a secondary analysis of data from two IRB-approved, prospective PN cohort studies [15, 18] . In these studies, patients referred for SC by their primary care physician (PCP) at a non-acute medical visit were recruited at The Mount Sinai Hospital's primary care clinic between May 2008 and December 2011. SCs were ordered via an electronic medical record in which the criteria for screening were delineated. Research assistants were stationed in the clinic and worked directly with medical assistants to ensure recruitment of eligible patients. Interested patients met with the research assistant to discuss the study further and to sign informed consent if they were interested in participating and receiving navigation services. The assessment questionnaire was administered during this meeting after consent was obtained. 1 African American and Latino/a patients 50 years of age or older without active gastrointestinal symptoms, significant comorbidities, or a history of inflammatory bowel disease or CRC were the groups of interest due to their low screening rates and because we were recruiting people at average risk for CRC. (Patients of other ethnicities were permitted to enroll and receive navigation. The data from these patients (n=82) are not included in this analysis, since they were not members of the groups we were trying to reach and because their numbers were too small to allow statistical validity.) Participants must not have undergone SC for at least five years (an interval based on clinical practice at our institution) or have been up to date with other forms of CRC screening (e.g., FOBT or flexible sigmoidoscopy).
Enrollment
After recruitment, referrals were reviewed by nurses in the Division of Gastroenterology (GI) via electronic medical record to confirm medical eligibility and evaluate for contraindications to colonoscopy or sedation. In all, 1,212 African American and Latino/a patients were referred to the study. Of these, 90.9 % (1,102) consented and enrolled. Upon review, 26 (2.4 %) of the 1,102 enrolled patients should not have been included in enrollment as they did not meet eligibility requirements (e.g., no working phone) and one was mistakenly enrolled twice; thus, they were not randomized. During the medical clearance process by the GI nurses, 204 (19.0 %) patients were determined ineligible for direct referral based on a medical condition (e.g., uncontrolled diabetes or hypertension, substance abuse, etc.) and, therefore, were not included in randomization. In addition, before randomization, three people withdrew and two had died (Fig. 2 ).
Study Procedures
The randomization procedures and study arm protocols have been previously described [17, 18] . All participants received three scripted telephone calls: a scheduling call, a call two weeks before the colonoscopy, and a final call three days before the procedure. After the first call, written instructions for bowel preparation and a reminder postcard with the colonoscopy date were mailed. The two reminder navigation calls included a review of preparation instructions, assessment of transportation needs, and the navigators provided education and support. Ten percent of recorded calls were monitored to ensure fidelity with each condition. In addition to the scheduling calls, a 30-min assessment interview was completed at the time of enrollment for which participants were compensated with $20. A navigator was assigned according to the language participants chose during their assessment: English, Spanish, or both languages. Those who were categorized as "both" included participants who initially said they were bilingual and those who had the original assessment in English but preferred to receive navigation in Spanish. Of the 872 randomized participants, 130 (14.9 %) were never reached for the first PN call resulting in 742 participants (350 African Americans and 392 Latinos/as) who received navigation. There was no significant difference in outcome between the two ethnic groups: the overall completion rates were 81.1 % for the Latino/a participants and 76.0 % for African American participants (p = 0.089). Thus, the two samples were aggregated for this analysis.
Measures
These data are based on the questionnaire administered at enrollment which included sociodemographic variables and several psychosocial measures previously reported as associated with CRC or other cancer screening, the use of which in these two studies has been previously described [17, 18] . Those included in this analysis are the following.
Measures Related to HBM-Modifying Factors P a r t i c i p a n t s w e r e a s k e d q u e s t i o n s a b o u t t h e i r sociodemographic backgrounds, including age, gender, race and ethnicity, education, income, preferred language, country of birth, and insurance type (Table 1) . Unless otherwise indicated, all analyses were conducted using SPSS 19.0.
Measures Related to Key HBM Constructs
The present analysis used three questions drawn from the 2005 Health Information National Trends Survey (HINTS) [29] to represent the HBM construct of perceived susceptibility. The response format varied from three to five points on a Likert-like scale. For example, participants were asked, "How likely do you think it is that you will develop colorectal cancer in the future?" with five choices ranging from "very low" to "somewhat high." These items were analyzed individually (see Table 2 for bivariate descriptive results).
For the HBM construct perceived benefits, a reduced version of the pros subscale of the Pros and Cons Index [30] was employed retaining three of the original nine items asking how strongly participants agreed or disagreed (on a 5-point Likerttype scale) with statements about the pros of having a colonoscopy (e.g., "A colonoscopy can find growths that are not yet cancer but could become cancer."). A mean value of the scores was calculated. See Table 2 for reliability analysis.
For the HBM key construct perceived barriers, two measures were employed: three items from the cons of colonoscopy subscale, and fear of colonoscopy. We retained three of the original seventeen items of the cons subscale from the Pros and Cons Index [30] . These items asked how strongly participants agreed or disagreed (on a 5-point Likert-type scale) with statements about the cons of having a colonoscopy (e.g., "I would probably not have a colonoscopy if I had to have laxatives."). There are six items in the previously published fear of colonoscopy Likert-type scale [31] . On a scale of one to five, participants were asked to rate how fearful they felt about issues related to colonoscopy (including the procedure, the preparation, etc.). For each of these measures representing perceived barriers, a mean value of the scores was calculated. See Table 2 for reliability analysis.
The present analysis used the measure self-efficacy regarding CRC for the HBM construct self-efficacy. These ten items (e.g., "I can arrange other things in my life to have a colonoscopy.") on a 5-point Likert-like scale were adapted from the self-efficacy scale for mammography [32] . See Table 2 for reliability analysis.
Knowledge This scale consists of ten true or false items measuring knowledge about CRC and the benefits of screening (e.g., "Even if colorectal cancer is found early, it probably cannot be cured.") abbreviated from the original 15-item scale to reduce the length of the assessment [30] . See Table 2 for reliability scores.
Analysis
Sociodemographic Characteristics
The mean age of the study participants was 59.16 years (see Table 1 ). Of the 742 participants considered in this analysis, 516 (69.5 %) were female. In terms of race/ethnicity, the sample was close to evenly divided: 350 (47.2 %) were African American and 392 (52.8 %) were Latino/a. Nearly three fourths (73.2 %) were not living with a partner. Fewer than half (43.0 %) had completed high school. Household income ranged from under $10,000 (47.5 %) to more than $50,000 (6.1 %). Nearly three fourths (70.2 %) were unemployed. The participants predominantly had public insurance (i.e., Medicaid or Medicare, 82 %), while the remainder had private insurance (17.1 %) or were uninsured (0.9 %). Over half (52.8 %) of the participants were born on the US mainland, nearly a quarter (23.9 %) were born in Puerto Rico (n= 176) or the US Virgin Islands (n=1), and nearly a quarter (23.3 %) were born in another country. Over two thirds preferred to speak English (68.3 %), nearly a third (30.1 %) preferred to speak Spanish, and 12 participants (1.6 %) were comfortable in both languages.
Sociodemographic Factors, Key HBM Constructs, and Colonoscopy Completion Drawing from the HBM as a theoretical explanatory model, we first tested whether sociodemographic factors, which are posited in the HBM as modifying variables, and the measures representing the key HBM constructs (perceived risk, benefits, barriers, self-efficacy, and knowledge) differed on the dichotomized outcome variable of colonoscopy completion versus non-completion. Because approximately 12 % of the responses were missing on the original household income variable, missing values were imputed using the SAS procedure (MI) for multiple imputation of missing data. The mean and standard deviation of age can be found in Table 1 . A point-biserial correlation was used to determine if age was associated with screening completion. Equality of proportions for all other sociodemographic variables was compared using a Chi-square test (Table 1 ). There were statistically significant differences between those who completed (n=584) and did not complete a colonoscopy (n= 158) on the variables for marital status and employment (each p<0.050) and for type of insurance, household income, origin, and language (each p<0.005). There was a marginally significant difference for race (p=0.089). There was no significant difference for age (p=0.139), gender (p=0.827), or education (p=0.592). To explore the differences between those participants who completed and did not complete a colonoscopy for the variables representing HBM key constructs, first, analyses were performed to ensure there was no violation of the assumptions of normality among the psychosocial measures, scales, and subscales of interest. Once again, a point-biserial correlation between completion/noncompletion and the HBM constructs and their associated significance levels and reliability was calculated for the scales. Four measures were found to have significance levels lower than 0.200: one question representing the key HBM construct perceived susceptibility (Compared with the average man/woman your age, would you say you are more/about as/less likely to develop colorectal cancer?) (p = 0.121); the pros of colonoscopy scale, representing the key HBM construct benefits (p=0.008); the fear of colonoscopy scale, representing the key construct fear (p = 0.042); and the self-efficacy scale, a Significance was computed using the correlation procedure b Significance was computed using the Chi-square statistic representing the construct self-efficacy (p=0.004). There was no significant difference between those who completed and did not complete a colonoscopy for the variables knowledge (p = 0.464) or for cons of colonoscopy (p = 0.285).
To find the predictors of completion among the sociodemographic variables, those with a Chi-square or p value at the significance level of 0.200 or lower were entered into a logistic regression procedure and were sequentially eliminated based on significance values. After removing non-significant predictors, language (being monolingual Spanish) and income (having a higher income) were both significant predictors of completion at the levels of p<0.005. To examine how the four predictors of completion among the variables representing the key HBM constructs with differences at a significance level of p=0.200 or lower (perceived risk, pros of colonoscopy, fear of colonoscopy, and selfefficacy) serve as predictors in the context of a model including the two sociodemographic variables (income and language), four single-step logistic regression procedures were performed with the two demographic variables and each of the four psychosocial measures. The two sociodemographic variables remained significant when entered in a regression with all four psychosocial measures one at a time. Subsequently, the two sociodemographic variables were entered into a regression procedure with the four variables representing key HBM constructs that had significance of 0.200 or lower from the correlation procedures. Those that were not significant (self-efficacy, perceived risk, and fear of colonoscopy) were eliminated sequentially based on significance levels.
Results
In the final model, language and income remain as the significant sociodemographic predictors of the outcome and perceived benefits, represented by pros of colonoscopy, remains as the sole HBM key construct that is a significant predictor of colonoscopy completion ( Table 3 ). The odds ratios (OR) indicate that those who spoke Spanish and not English were more than twice as likely as English or bilingual speakers to complete a colonoscopy (OR, 2.192; confidence interval (CI), 1.410, 3.409; p<0.005). For each unit increase in household income (eight levels starting at under $10,000 ranging to above $50,000), participants were about 20 % more likely to complete a colonoscopy than those with the income level immediately below them (OR, 1.218; CI, 1.106, 1.340; p<0.005). Participants with higher scores on the scale pros of colonoscopy, which represented the key construct perceived benefits, were more than one and a half times more likely to complete a colonoscopy than those with lower scores (OR, 1.535; CI, 1.062, 2.218; p=0.023). The Chi-square value for the Hosmer and Lemeshow goodness-of-fit test is 7.171 (8 df, significance=0.518), indicating strong support for the final model.
Discussion
This manuscript reports on two goals that were not previously explored in our earlier cited analyses. First, we aimed to test the ability of the HBM to predict completion of colonoscopy in order to contribute to the literature on health behavior models in cancer screening. Second, we believe that it is clinically helpful to aggregate this sample of African Americans and Latinos/as for analytical purposes in order to approximate a sample similar to patient populations of many health care providers across the USA. Aside from efforts to ensure that patients and providers speak the same language or that quality translation is available, it is unlikely that separate interventions for Latinos/as and African Americans will be delivered to increase colonoscopy completion rates. For this reason, we believe it is useful to examine predictors of colonoscopy completion in a population that is ethnically mixed and that generally has extremely low colonoscopy completion rates, to gain an understanding of what factors may lead to completion or need special attention when implementing or providing PN services.
The results of this investigation show that, in this minority urban sample, the strongest predictors of colonoscopy completion were speaking Spanish but not English, higher household income, and higher scores on the pros of colonoscopy subscale controlling for the demographic variables age, race/ethnicity, marital status, employment status, insurance, and origin, and then the variables representing other key constructs in the HBM (perceived susceptibility, perceived barriers, and self-efficacy). Those who spoke Spanish and not English were more than twice as likely to complete a colonoscopy as those who either spoke English and not Spanish or who were bilingual in English and Spanish. For each unit increase in household income above $10,000, participants were more than one and one fifth times more likely to complete a colonoscopy. Participants with higher endorsement of the pros of colonoscopy were one and one half times more likely to complete a colonoscopy compared with those with lower endorsement of pros of colonoscopy. The variables that were eliminated due to non-significance may be theoretically relevant but were not supported in this data set. However, since the other key HBM psychosocial factors were not present in the final model, and since the final model only explained 4.5-7.0 % of the variance in outcome as explained by the model, other health behavior theories may better explain colonoscopy completion. In particular, models with predictive normative or cultural/ecological factors such as Theory of Planned Behavior [33] [34] [35] or the Behavioral Ecological Model [36, 37] may be worth exploring.
Previous research findings are mixed regarding mainstream language use and health outcomes. English proficiency has been identified as a predictor of the receipt of preventive services among Mexican Americans [38] and Latinos/as in the USA [39] and mainstream language proficiency and acculturation have been associated with higher screening behavior, use of preventive services, and acquisition of health information [40] [41] [42] . Other research has found that limited English proficiency is a greater barrier to CRC screening for men than for women [43] . The present study is consistent with research showing that language is not a barrier to cancer screening if access to care is available [44] . In the present study, monolingual Spanish speakers were assigned Spanish-speaking patient navigators with the result being that monolingual Spanish speakers had even higher completion rates than English speakers or bilingual Spanish-English speakers and the variable race/ethnicity did not remain a predictor. This finding merits further investigation. The second sociodemographic factor associated with colonoscopy completion, higher income, has been found to be predictive for colonoscopy completion [9, [45] [46] [47] [48] with only rare exception [49] .
Health behavior constructs have not been as thoroughly studied for colonoscopy as they have been for FOBT or flexible sigmoidoscopy [50] . However, among published studies, the construct of perceived benefits of screening for CRC has been relatively well examined. A descriptive review evaluating the examination of decision-making constructs within four health behavior models in studies of CRC screening found that of 26 studies which examined the construct of perceived benefits and relationship with colonoscopy, 18 found a positive relationship, with perceived benefits predicting completion, while eight found no relationship, and no study found a negative relationship. Our analysis supports previous findings that strong endorsement of perceived benefits (measured by the pros of colonoscopy subscale) predicts colonoscopy completion. The construct of selfefficacy was a later addition to some versions of the HBM. While the attention required to colonoscopy preparation would intuitively seem to require high levels of self-efficacy, our analysis did not support the inclusion of self-efficacy in the HBM for completion of colonoscopy. Neither did we find the relationships predicted by the HBM for the key constructs perceived barriers, perceived susceptibility, or knowledge. Perceived risk might be more salient in a sample that includes individuals with higher risk for CRC such as individuals with a positive family history. This suggests that, in our sample of individuals at average risk for CRC, the most important factor to emphasize in patient education efforts is the benefits to receiving a colonoscopy. Enhanced perception of the benefits of colonoscopy may help to override other concerns.
The benefits of PN have been demonstrated for various cancer conditions [51] , including in achieving equivalency in time from abnormal findings on screening to diagnostic resolution among African Americans compared with whites [52, 53] and in reducing time from diagnosis to initiation of treatment among Latinas and other minorities compared with nonnavigated women and to white navigated women [54] . The benefits of navigation for African American and Latino populations diagnosed with cancer are likely to extend to PN for screening interventions, since ethnic minority patients tend to have lower SC rates than whites, experience more barriers to the receipt of timely screening, and tend to be diagnosed later in disease stage [9] . We suggest that, among African Americans and English-speaking Latino/a patients and among patients with lower incomes, benefits of colonoscopy could be more deeply explored by expanding PN to integrate elements of individualized "client-centered" counseling as is used in counseling and testing for other conditions such as HIV infection [55] . This type of enhanced "patient-centered" communication has been promoted by the National Cancer Institute [56] . We recommend efforts to reduce cost sharing for preventive screening tests, especially among those with lower incomes.
This study has several limitations. We did not use a control group, for example, of non-navigated patients. However, since many researchers have demonstrated that navigation is successful in increasing colonoscopy rates, we would submit that, at this point, it is important to implement navigation on a national level while continuing to explore how and why navigation works. While we asked the amount of participants' household income, we did not ask how many people were supported by that income. Thus, it may have been shared and may not have been an accurate estimate of financial resources. Ways in which some potentially relevant variables such as knowledge, pros and cons, and the three items used to represent perceived susceptibility were measured may not have been adequate. As utilized in this sample, the scales involved small numbers of items, had low internal reliability scores, or were developed for a population with different demographic characteristics. While we collected data on knowledge about colonoscopy, we did not attempt to measure general health literacy. Among adults 65 and older, health literacy has been associated with understanding information about CRC and taking preventive health measures including CRC screening [57, 58] . Future studies should explore health literacy levels and acceptance of SC.
Despite these limitations, these findings are useful to consider when developing or attempting to improve PN programs. African Americans and Latinos/as who are most comfortable speaking English and any patients who have lower incomes may encounter barriers to completing a colonoscopy that are not obvious to health care providers. Such patients may need additional support to help them consider how to overcome barriers to completing a colonoscopy procedure. We suggest that benefits of SC should be emphasized in patient education efforts and that benefits could be usefully explored by expanding the usual format of PN to integrate elements of individualized patient-centered counseling as described above. Among those patients who were navigated in this study but did not complete colonoscopy, exploratory interviews could elucidate their views and perceptions of the benefits of SC and the challenges they experienced in contemplating or attempting to obtain a colonoscopy. One such study, with 16 of the African American participants who did not complete a colonoscopy [59] , identified barriers on three levels: intrapersonal-level factors such as fear/anxiety about the colonoscopy procedure, lack of knowledge of CRC, and believing that cancer leads to death; interpersonal-level factors including inadequate physician explanation of colonoscopy and PN issues; and community-level factors, such as social burden and life circumstances. The barriers identified on the intrapersonal and interpersonal levels could be addressed through enhanced education and counseling such as that suggested above.
